H ypertensive disorders, including chronic hypertension, gestational hypertension, preeclampsia/ eclampsia, and chronic hypertension with superimposed preeclampsia, occur in ≈6% to 8% of all pregnancies [1] [2] [3] and are a significant source of maternal and fetal morbidity. 4, 5 For severe hypertension, pharmacological treatment is clearly indicated, 5 but for mild-to-moderate hypertension, limited data are available. Synthesis of this information suggests that while treatment with medication decreases the risk of progression to severe hypertension, it has little effect on pregnancy outcomes including development of preeclampsia, preterm delivery, or fetal/neonatal demise.
H ypertensive disorders, including chronic hypertension, gestational hypertension, preeclampsia/ eclampsia, and chronic hypertension with superimposed preeclampsia, occur in ≈6% to 8% of all pregnancies [1] [2] [3] and are a significant source of maternal and fetal morbidity. 4, 5 For severe hypertension, pharmacological treatment is clearly indicated, 5 but for mild-to-moderate hypertension, limited data are available. Synthesis of this information suggests that while treatment with medication decreases the risk of progression to severe hypertension, it has little effect on pregnancy outcomes including development of preeclampsia, preterm delivery, or fetal/neonatal demise. 6 Antihypertensive exposure may confer some risk to the fetus by increasing rates of intrauterine growth restriction (although whether such associations are causal or confounded by indication or relative hypotension is unknown) 7, 8 and, for some agents, congenital malformationsalthough data are conflicting and these associations are controversial. [9] [10] [11] [12] [13] [14] [15] Further, while methyldopa and labetalol are generally considered in guidelines as the first line/ preferred agents for the treatment of hypertension in pregnancy, 3, 5, 16 experts suggest that other antihypertensives can also be safely used. [17] [18] [19] Little is known about how physicians balance these considerations in practice, or about the range of antihypertensive agents that physicians routinely use. Previous studies examining outpatient antihypertensive utilization in pregnancy had few data on Medicaid patients, 20 which are important as Medicaid provides coverage for approximately 40% of all pregnancies in the United States. 21 Earlier studies also did not examine patterns of management of patients taking antihypertensives prior to pregnancy or separately examine which agents are used in new initiators of antihypertensives in pregnancy. 20 These data are important in focusing research efforts aimed at establishing the optimal approach to the treatment of patients with hypertensive disorders.
To better understand these issues, we examined a cohort of pregnant patients enrolled in Medicaid from 2000 to 2007.
Methods

Definition of Cohort
Medicaid is the joint state and federal health insurance program for low-income individuals in the United States. The Medicaid Analytic eXtract (MAX) dataset contains individual-level Medicaid enrollment and Medicaid healthcare utilization claims, which includes inpatient, outpatient, and nonhospital pharmacy dispensing claims. MAX data were used to create a pregnancy cohort for studies of drug utilization and safety. 22 The pregnancy cohort was identified from 2000 to 2007 MAX data. Women with an inpatient or outpatient delivery-related International Classification of Diseases, Ninth Revision (ICD-9) or Current Procedural Terminology codes were identified. These women were linked to infants by the Medicaid Case Number, which is typically shared by family members, and by matching an infant's date of birth within a woman's delivery date range. The delivery date range for women with inpatient deliveries was defined as the woman's delivery admission and discharge dates and for women with outpatient deliveries it was defined as the 5 days before and after the delivery-related code date. After linkage and cleaning to eliminate apparent duplicate deliveries and incorrect linkages, 6 107 572 pregnancies were available. Because neither gestational length nor the date of the last menstrual period (LMP) are available in healthcare utilization data, the LMP was assigned to be 245 days before the delivery date for pregnancies that had ICD-9 codes indicative of preterm delivery, and as 270 days before the delivery date for all other pregnancies. This method has been validated and accurately classifies gestational length within 2 weeks for most deliveries. 23 Next, a number of eligibility criteria were applied to ensure that claims for women with pregnancies in the cohort would be present in MAX data. Pregnancies in which women were not continuously enrolled in Medicaid from 3 months before the month of the estimated LMP until the month after the delivery month were excluded. Also, pregnancies were excluded in which women had private insurance, restricted Medicaid benefits, or were enrolled in certain managed care plans in which claims were missing or underreported in MAX; 1 106 757 pregnancies remained in the cohort. The cohort included women from all states except Arizona, Connecticut, Michigan, and Montana. Approximately 50% of pregnancies in the cohort came from 6 states (California, Illinois, New York, Ohio, Tennessee, and Wisconsin).
Baseline Characteristics of the Cohort
Baseline characteristics of the cohort were determined and stratified by whether the patients were exposed to antihypertensives during pregnancy. The patients' age at the time of LMP and self-reported race, as documented in the Medicaid individual enrollment file, were extracted from the database. The presence of chronic hypertension, gestational hypertension, chronic renal disease, and multiple gestations was identified by the recording of the appropriate ICD-9 CM codes one or more times during any visit from 90 days prior to the LMP through delivery. Diabetes mellitus was defined by ICD-9 CM codes indicating pregestational diabetes mellitus or gestational diabetes mellitus or filled prescriptions for α glucosidase inhibitors, glitazones, meglitinides, metformin, sulphonylureas, or insulin again from 90 days prior to the LMP through delivery. As a proxy for general health status and healthcare utilization, we also determined the number of physician visits for any reason and the number of distinct nonantihypertensive prescriptions drugs during the 90 days prior to the LMP. We also determined the mean age and distribution of race for the full, linked cohort.
Definition of Pregnancy Periods and Exposure
The prepregnancy period was defined as 90 days prior to the LMP to the day prior to the LMP. The first trimester was defined as the LMP through day 90 of pregnancy, second trimester as day 91 to day 180, and third trimester as day 181 to delivery.
We examined the outpatient use of antihypertensive treatments by therapeutic class, as shown in the online-only Data Supplement, based on pharmacy dispensing claims. The period of exposure to a medication for each woman was defined by the day the prescription was dispensed and the duration of the prescription based on days' supply. Antihypertensives dispensed prior to 90 days before the LMP were considered as an exposure if the days' supply extended into the defined prepregnancy period. The number of days supplied was accumulated for consecutive prescriptions of the same medication. Because dihydropyridines can be used off-label for the prevention or treatment of preterm labor and birth, we determined the proportion of patients with dihydropyridine exposure that had codes for preterm delivery or had diagnosis codes indicating preterm labor. We determined the number of women exposed to each class of antihypertensive in the prepregnancy period and each trimester, separately, as shown in Table 2 .
Defining Patterns of Antihypertensive Utilization in Prepregnancy Users
For patients exposed to antihypertensive medications during the 90 days prior to the estimated LMP, we examined patterns of antihypertensive dispensing during the first trimester and second trimester. We determined for each class of antihypertensive used during the prepregnancy period, in a hierarchical fashion, the proportion of patients who continued on the prepregnancy class of medication, changed to methyldopa, changed to labetalol, changed to a different class (other than methyldopa or labetalol), and were not dispensed any antihypertensive during the first trimester (discontinuers).
Temporal Patterns of Utilization
For each year in the study period, we examined the proportion of women exposed to antihypertensives anytime during pregnancy and by trimester. We also examined trends in the exposure to the 4 most common antihypertensive classes at any time during pregnancy.
Results
There were 1 106 757 Medicaid patients included in our cohort of whom 48 453 (4.4%) were exposed to antihypertensive medications during pregnancy. Table 1 shows the baseline characteristics of the cohort, stratified by whether the woman was exposed to antihypertensives any time during pregnancy. In general, the antihypertensive exposed were older and more likely to be white or black. Over one fifth of the antihypertensive exposed also had pregestational or gestational diabetes mellitus and 3% had comorbid chronic renal disease. The antihypertensive exposed also had more nonantihypertensive medications prescribed prior to pregnancy and more prepregnancy physician visits. Compared with the full, linked cohort (n=6 107 572), the analytic cohort was slightly younger (23.2±5.8 versus 24.2±5.5 years old) and had a higher proportion of nonwhite women (60.1% versus 52.6%). Table 2 shows the prevalence of exposure to antihypertensive medications in the 90 days before pregnancy and during each trimester. Overall, 2.0% (n=22 653) of the cohort was exposed prior to the estimated LMP, 1.9% (n=20 641) during the first trimester, 1.7% (n=19 000) during the second trimester, and 3.2% (n=35 571) during the third trimester. Prior to pregnancy, the most common medication classes were β blockers, thiazides, angiotensin-converting enzyme (ACE) inhibitors, dihydropyridines, and central α-antagonists. These were also the most common classes of exposure during the first trimester, although central α-antagonists accounted for a larger fraction of exposures in this group. By the second trimester, the proportion exposed to ACE inhibitors and thiazides declined substantially, whereas the proportion exposed to central -α-antagonists, combined α and β blockers, and dihydropyridines increased. In the third trimester, central -α-antagonists, combined α and β blockers, β blockers, and dihydropyridines accounted for most of the antihypertensive exposures. Of the dihydropyridine exposed, 14 905 (82.7%) had a diagnosis code indicating preterm labor or preterm delivery. Such medications are used off-label as tocolytics to attenuate preterm contractions. Table 3 shows the patterns of antihypertensive dispensing among initiators of antihypertensive therapy during each trimester; not exposed to antihypertensives at any point before or during pregnancy, prior to the period in question. The most commonly dispensed agents varied by trimester, but included central α-antagonists, β blockers, thiazides, calcium channel blockers, and combined α and β blockers.
In Figure 1A and 1B, we show patterns of antihypertensive dispensing during the first and second trimester, respectively, for patients taking antihypertensives prepregnancy stratified by class of prepregnancy therapy. For all classes of antihypertensives, during the first trimester, about half discontinued therapy (meaning no dispensing of medication during the trimester), about a third continued their prepregnancy medication, and the balance switched to methyldopa, labetalol, or another antihypertensive. By the second trimester between 50% and 70%, depending on the prepregnancy antihypertensive class, discontinued therapy. Also by this point in pregnancy, the majority of patients taking thiazides or ACE inhibitors prepregnancy, either discontinued therapy or were switched to methyldopa or labetalol. For those on β blockers or calcium channel blockers, an approximately equal proportion continued the prepregnancy class and switched to methyldopa or labetalol. Additional information on this analysis is available in the online-only Data Supplement. We also examined the overall proportion of women taking antihypertensives prior to pregnancy and found that 12 373 (54.6%) received no antihypertensive during the first trimester and 15 692 (69.3%) received no antihypertensive during the second trimester. When we restricted the analysis to patients who were coded as having a diagnosis of chronic hypertension, only 2722 (31.6%) received no antihypertensive in the first trimester and 3991 (46.4%) received no antihypertensive during the second trimester. Figure 2 shows temporal trends in the exposure prevalence for antihypertensives anytime during pregnancy and by trimester from 2000 to 2006. Observations from deliveries in 2007 were not included due to concern that the small sample size from that year (n=29 255) may generate unstable estimates. The prevalence of exposure at anytime during pregnancy increased from 3.5% in 2000 to 4.9% in 2006 and during the first trimester from 1.4% to 2.0%. Figure 3 shows trends in the prevalence of exposure at any point during pregnancy to the 4 most common classes. Increases were seen for all classes, but were most substantial for combined α and β blockers and dihydropyridines.
Discussion
In this study of over 1.1 million Medicaid pregnancies, we found antihypertensive medications to be a common pregnancy exposure whose prevalence is consistently increasing. From 2000 to 2006 alone, the prevalence of antihypertensive use both in the first trimester and in pregnancy overall increased nearly 50%; by 2006 nearly 5% of all pregnancies were exposed to antihypertensives. We also found that there is substantial heterogeneity in the range of antihypertensive agents used across all trimesters of pregnancy and in the approach to the management of patients entering pregnancy on antihypertensives. Although professional guidelines generally recommend methyldopa and labetalol as the first-line treatments for hypertension in pregnancy, 3, 5, 16 our data suggest that in actual practice the use of other agents is very common. A significant proportion of patients taking antihypertensives prior to pregnancy are maintained on their prepregnancy agent, and not switched to one of the preferred agents. Even for new initiators of antihypertensive therapy, β blockers, thiazides, and calcium channel blockers were frequently chosen. With the exception of methyldopa (which is category B), the Food and Drug Administration categorizes most antihypertensives as category C, which means that animal studies either show an adverse effect or are lacking and no well-controlled human studies exist. 24 Concerns have been raised that β blockers can predispose to intrauterine growth restriction 8 and neonatal hypoglycemia. 14 Calcium channel blockers have recently been linked to increased rates of neonatal seizures.
14 Diuretics have been shown to prevent normal plasma volume expansion in pregnancy, 25 although it is unclear if this is detrimental. While experts interpret the limited data available to suggest the general safety of these agents during pregnancy, 5, 17, 24 more work is needed to establish that this is the case and to verify and establish the magnitude of any risks that do exist. Further, there is virtually no data on the comparative effectiveness and safety of the different treatment options for hypertension. The rapid increase in the use of these medications, and ACE indicates angiotensin-converting enzyme.The Medicaid Analytic Extract Pregnancy Cohort. Prepregnancy is defined as exposure from 90 days prior to the last menstrual period (LMP) to LMP. Pregnancy is defined as the LMP to day 270 for term deliveries and 245 for preterm deliveries. First trimester is defined as LMP to 90 days, second trimester as 91 days to 180 days, third trimester as 181 to delivery. *Dihydropyridines are used off-label for tocolysis and the prevention of preterm labor; 14 905 patients treated with these medications had preterm labor or preterm delivery. by guest on April 1, 2017 http://hyper.ahajournals.org/ Downloaded from the heterogeneous nature of the agents used, suggest these data are urgently needed.
Another important finding in our study is that approximately half of all patients taking antihypertensive agents prior to pregnancy discontinue treatment during the first or second trimester (Figure 1 ). Meta-analysis of the available data suggests that pharmacological therapy for mild-to-moderate hypertension decreases the incidence of severe hypertension, but does not reduce the risks of placental abruption, fetal demise, superimposed preeclampsia, or preterm birth (but the available data are underpowered to show even moderate reductions in these outcomes). 6 Whether the decrease in severe maternal hypertension translates into decreased maternal morbidity also remains unclear. Again, further research is needed.
It is notable that in our large sample, several hundred women were exposed to ACE inhibitors or angiotensin II receptor blockers during late pregnancy. These agents are known to be fetotoxic in the second or third trimester. 24 Although the circumstances of their use cannot be discerned in this administrative dataset, automatic refills in patients with late registration to prenatal care or prescribing physicians' failure to ask about the possibility of pregnancy are two plausible explanations. This underscores the caution with which physicians must use fetotoxic agents in women of reproductive age. Unplanned pregnancy and late registration to prenatal care are not uncommon, particularly in disadvantaged populations such as those served by Medicaid. Automatic refills of potentially fetotoxic medications may be hazardous in these patients.
Although data are conflicting, there is also substantial concern about the teratogenic potential of ACE inhibitors and angiotensin II receptor blockers during the first trimester. 10, 15, 24 In our sample, these agents accounted for nearly one fifth of antihypertensive exposures during the first trimester. As noted in the paragraph above, the precise circumstances of the use of these agents cannot be determined from claims data, but the prevalence of this exposure raises important safety concerns. Resolution of this controversy with larger and better controlled studies is necessary.
Consistent with what has been observed in other populations, 20 we report a marked increase in utilization of antihypertensives in pregnancy during our study period. While clearly some of this increase is due to greater off-label use of dihydropyridines for the prevention and treatment of preterm labor, we also observe increases in other classes of medications, including centrally acting α antagonists, β blockers, and mixed α and β blockers. First trimester utilization of antihypertensives also rose dramatically. These findings are consistent with the rising rates of chronic hypertension and gestational hypertension observed in population-based studies, 2, 26 which in turn may reflect rising rates of obesity 27 and advanced maternal age 28 in US parturients. It is notable that less than half of the patients exposed to antihypertensives in pregnancy had an inpatient or outpatient ICD-9 code for chronic or gestational hypertension. While this may be partially explained by the prescription of antihypertensives for other conditions, it likely primarily reflects the imperfect sensitivity of ICD-9 codes for hypertensive conditions in claims data. [29] [30] [31] This suggests that utilization of medications along with diagnostic codes may provide a better approach to defining comorbidities in surveillance or epidemiological studies using claims data, than algorithms that rely on ICD 9 codes alone.
Our study is subject to certain limitations. To assure accurate estimation of gestational age and continuous enrollment from 3 months prior to pregnancy through delivery, we only included those women in the MAX cohort for whom a linkage to neonatal record is possible and who met our strict inclusion criteria. This resulted in a substantial reduction in the size of the cohort which may decrease its representativeness of the general Medicaid population. Indeed, our cohort is younger and has a larger proportion of nonwhite women than the cohort before exclusion based on eligibility. Our data only include those pregnancies that result in livebirths, such that antihypertensive exposures in pregnancies that result in other outcomes (stillbirths, elective terminations, and miscarriages) are not captured in the present analysis. Also, while the use of Medicaid pharmacy data provides information on medication dispensing which is not subject to recall bias, it does not provide information on whether the medication was actually taken, which may result in misclassification. However, most Medicaid patients face at least nominal copayments for their prescriptions and these charges often represent a financial pressure for these low-income patients, suggesting that if the prescription is filled, it is likely taken. Additionally, as we only require 3 months of enrollment prior to pregnancy and examine this period to determine prepregnancy exposure to antihypertensives, this may result in a slight underestimate, as some patients may discontinue therapy >3 months prior to the LMP in anticipation of pregnancy. Likewise, the number of women exposed to antihypertensives during the prepregnancy window will be slightly underestimated due to women who were not Medicaid eligible >3 months before the LMP and were still taking antihypertensives dispensed prior to the window but did not refill their prescription during the window. Further, we do not have accurate information on the indications for the prescription of an antihypertensive medication, a large proportion of the dihydropyridine exposures in the third trimester are likely for off-label use for tocolysis 32 and β blockers and calcium channel blockers may be used as antiarrhythmics or for migraine prophylaxis. 33 Last, while we used a validation algorithm to estimate LMP and gestational age, as we do not have a direct measure of these variables, some degree of misclassification on the gestational timing of drug dispensing is likely.
Perspectives
In conclusion, our data suggest that the exposure to antihypertensive medications in pregnancy is relatively common and increasing. There is significant heterogeneity in the range of agents used and the management of patients taking antihypertensives prior to pregnancy. Research investigating the comparative safety and efficacy of antihypertensive therapy in pregnancy is urgently needed to define the optimal approach to therapy.
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